We studied the effects of regional ischemia on the left ventricular isovolumic endsystolic pressure-volume relationship (ESPVR) in six excised, blood-perfused canine ventricles. We created different extents of regional ischemia by ligating various branches of the coronary arteries while keeping the coronary arterial pressure constant (80 mm Hg). The extent of regional ischemia (R m ) relative to the total mass of the left ventricular myocardium was determined by regional myocardial blood flow measured by the radioactive microsphere technique. With regional ischemia, the ESPVR shifted rightward without significant change in slope in the physiologic end-systolic pressure range. In the subphysiological end-systolic pressure range, however, its slope became lower than control. In order to quantify the degree of the rightward shift, we measured the extrapolated volume axis intercept (V o ) by fitting a straight line to the ESPVR in the physiological range under control and ischemic conditions. The shift in V o (AV O ) associated with ischemia was linearly correlated with R m (AV O = 50.7R m -0.6, n = 28, r = 0.944, P < 0.001). We conclude that the major effect of acute regional ischemia on the ESPVR in the physiological pressure range is a parallel rightward shift. This forms a striking contrast to the effect of global ischemia (under which only the slope is affected without a substantial change in V o ). (Circ Res 52:170-178, 1983) 
SUMMARY. We studied the effects of regional ischemia on the left ventricular isovolumic endsystolic pressure-volume relationship (ESPVR) in six excised, blood-perfused canine ventricles. We created different extents of regional ischemia by ligating various branches of the coronary arteries while keeping the coronary arterial pressure constant (80 mm Hg). The extent of regional ischemia (R m ) relative to the total mass of the left ventricular myocardium was determined by regional myocardial blood flow measured by the radioactive microsphere technique. With regional ischemia, the ESPVR shifted rightward without significant change in slope in the physiologic end-systolic pressure range. In the subphysiological end-systolic pressure range, however, its slope became lower than control. In order to quantify the degree of the rightward shift, we measured the extrapolated volume axis intercept (V o ) by fitting a straight line to the ESPVR in the physiological range under control and ischemic conditions. The shift in V o (AV O ) associated with ischemia was linearly correlated with R m (AV O = 50.7R m -0.6, n = 28, r = 0.944, P < 0.001). We conclude that the major effect of acute regional ischemia on the ESPVR in the physiological pressure range is a parallel rightward shift. This forms a striking contrast to the effect of global ischemia (under which only the slope is affected without a substantial change in V o ). (Circ Res 52:170-178, 1983) THE end-systolic pressure-volume relationship (ESPVR) of isolated canine left ventricles has been shown to be approximately linear and insensitive to the loading conditions and mode of contraction (whether isovolumic or ejecting) (Suga et al., 1973; Suga and Sagawa, 1974) . The slope (E m ax) of the ESPVR has been found to be a sensitive index of changes in ventricular function which occur with catecholamine infusion (Suga et al., 1973; Suga and Sagawa, 1974) , calcium infusion and baroreceptor reflex (Suga et al, 1976) . The deterioration of ventricular function associated with reduced coronary arterial pressure has also resulted in changes in E ma x without substantial changes in the volume axis intercept (V o ) of the ESPVR . These observations indicate that a change in Emax provides a reasonable estimate of a change in ventricular function in response to global interventions such as infusion of inotropic agents and global ischemia. However, the effect of regional myocardial dysfunction on the ESPVR, such as in regional ischemia, has not yet been identified. The depressed ventricular function caused by regional ischemia may be manifest as a reduction in the slope of the ESPVR, a parallel rightward shift of the ESPVR (increase in V o ), or both. Since, in recent years, the ESPVR and related parameters have frequently been used in characterizing ventricular function in patients (Grossman et al., 1977; Marsh et al., 1979; Merillon et al., 1981; Mehmel et al., 1981; Sagawa, 1981) , we designed the following experiment to determine the effect of varying extents of regional ischemia on the ESPVR, in the hope that the results would provide an experimental basis for the interpretation of ESPVR data obtained from these patients with regional ischemia.
We use an isolated, cross-circulated canine heart preparation in which volume and pressure of the ventricle could be precisely measured. We created varying extents of ischemia and found that there was a rightward shift of the ESPVR in proportion to the extent of ischemia. To explain the shift in ESPVR to the right, we propose a simple model for a regionally ischemic ventricle.
Methods

Surgical Preparation
Our preparation consisted of an isolated blood-perfused canine heart containing a water-filled balloon and a pressure transducer (Konisberg P-21) in the left ventricle. When connected to a servo-control pump , this preparation allowed continuous measurement and control of instantaneous volume in the left ventricular lumen. Six pairs of mongrel dogs weighing 20-25 kg were used. Each pair was anesthetized with sodium pentobarbital (30 mg/kg, iv). The chest of one dog was opened under artificial ventilation. The left subclavian artery and right atrium were cannulated and connected to the femoral arteries and veins, respectively, of the support dog. The brachiocephalic trunk was cannulated for measurement of aortic pressure. The azygos vein, superior and inferior venae cavae, descending aorta, and pulmonary hili were ligated. The heart was removed from the chest, the pericardium removed, the left and right ventricles vented, and a thin balloon mounted on a plastic adaptor sewn into the mitral valve annulus (Fig. 1) . The apex of the balloon was pulled out of a vent made at the left ventricular apex, and the space between the balloon and the ventricular wall was minimized by applying continuous suction through the vent. The balloon was filled with water and connected to a piston pump by an adaptor. The position of the piston is servo-controlled with a linear motor. To create different sizes of regional ischemia, we separated the circumflex coronary artery and left anterior descending artery from the surrounding tissue at several sites, before any branching (proximal) and after major branching (distal). Blood temperature was maintained at 37°C through a heat exchanger. Mean coronary arterial pressure was maintained constant at 80 mm Hg by a servomechanism comprised of a servocontroller (Harvard Apparatus model 550) and a peristaltic pump (Harvard Apparatus model 1215). A disc oxygenator (Pemco model 7109) was placed in parallel with the support dog so that oxygenated blood could be provided from either source as desired. A depulsating chamber was placed in the perfusion line between the peristaltic pump and the aorta. A port was provided between the depulsating chamber and the aorta for injection of radioactive microspheres. The blind sac of the aortic arch served as a mixing chamber for the radioactive microspheres.
All variables were recorded on a pen recorder (Gould model 2800). ESPVRs were monitored on line with a storage oscilloscope (Tektronix model 5111). A Polaroid picture of the oscilloscopic image was taken after each experimental
Experimental Protocols and Procedures
The isolated heart was paced at the right or left atrium at a constant rate between 100 and 120 beats/min. After an initial period of stabilization, a control ESPVR was obtained as shown in panel A of Figure 2 . First, the ventricular volume was set such that the peak isovolumic pressure would be in the range of 120-140 mm Hg. The volume was then slowly decreased over a period of 1-2 minutes until the peak isovolumic pressure became subatmospheric. Thereafter, the volume was returned to the starting value to check the variation of contractility within the run. If the difference between the initial and final isovolumic pressures at the same volume was less than 10%, the data were accepted and a Polaroid picture was taken of the oscilloscope tracing. At this point, the first batch of radioactive microspheres was injected into the coronary perfusion line.
After a period of 5 minutes for the microspheres to be cleared from the blood, a coronary artery snare was pulled to create a region of ischemia. Since there was progressive deterioration of the pressure over the following 1-2 minutes, it was only after a period of stabilization (3-5 minutes) that the ESPVR was determined in the same manner as described above (Fig. 2, panel B ). After the volume was returned to the control value, a second batch of radioactive microspheres (using a different isotope) was injected and allowed to clear from the blood. The snare then was released, and the heart allowed to return to its original state as determined by the ESPVR. After confirmation of recovery to the control state (in about 10 minutes), the next ischemia procedure and measurements were repeated ( Fig. 2 , panels C, D, and E). A total of 4-5 batches of radioactive microspheres (Nb 95 , Sr 85 , Sc 46 , I 125 , and C e m ) were given, one as a control with no coronary artery ligation and others with various combinations of the coronary artery occlusions to produce a gradation of the extent of ischemia.
At the completion of the study, the ventricle was trimmed at the atrioventricular groove, the right ventricular freewall removed and the remaining left ventricle sectioned into 1to 2-g pieces for counting radioactivity by an automatic gamma scintillation spectrometer (Packard model 5986).
Data Analysis
As illustrated in panels A and B of Figure 3 , the control ESPVR was obtained by fitting a straight line to the apparently linear portion of the oscilloscopic tracing of isovolumic ESPVR. Panels C and D in Figure 3 illustrate the way we dealt with the ESPVR of the ventricles with regional ischemia. We visually fitted a straight line to the regionally FIGURE 1. A schematic diagram of the preparation. An isolated ventricle is perfused retrograde with oxygenated blood from the left subclavian artery either by a support dog or by an oxygenator. A servo-pump maintains coronary arterial pressure constant (80 mm Hg) regardless of the loading condition of the isolated ventricle or the support dog arterial pressure. The volume of the ventricle is controlled by a servo-pump (volume control pump). Microspheres are injected into a coronary perfusion line. ischemic ESPVR over the high volume range in which physiological levels of peak isovolumic pressure was generated. The slope and volume axis intercept were measured from this linearized part of ESPVR shown by the thin line in panel D.
To determine the extent of ischemia for each ventricle from the microscphere data, first we corrected the raw counts for isotope overlap by comparing them with known standards. Then, for a given ventricle, in order to measure relative flow in each tissue sample, the counts were nor-malized by tissue mass for each isotope (counts/g of tissue mass). For a given isotope, the myocardial samples were than ordered by increasing counts/g. We considered all samples which had normalized count above 50th percentile as control samples for that isotope. The average control counts for each was then calculated. A sample was considered ischemic if it had counts less than one-third of the average control counts. The weight of the ischemic samples were added and divided by the total weight of the ventricle to give the fraction of ischemia R m . 
Results
We successfully created 22 occlusions of coronary arterial branches in six hearts. The result of a typical occlusion is shown in panels A through F of Figure 2 . The control ESPVR without any coronary arterial Iigations was linear over the entire physiologic range of volume (panel A). When a relatively small regional ischemia was created by ligating the distal left anterior descending artery (LAD), the ESPVR in the physiological pressure range shifted rightward slightly (panel B). When the proximal LAD was ligated, a further rightward shift of the ESPVR was observed (panel C). When the proximal left circumflex artery (LCX) was ligated, the ESPVR shifted further toward the right (panel D). When both proximal LAD and proximal LCX were ligated, the largest rightward shift of ESPVR was observed (panel E). We superimposed the ESPVR obtained with different extents of regional ischemia in panel F. As a general trend, with creation of regional ischemia, the slope of the ESPVR curve in the low loading (pressure or volume) region decreased, while the ESPVR in the physiological loading region remained linear with almost the same slope as the control ESPVR, though it was shifted toward the right (parallel shift).
The pattern of ESPVR change with coronary arterial occlusion described above was present in all of the hearts with all occlusions. Collectively shown in Figure 4 are tracings of the ESPVRs determined in all of the hearts subjected to a variety of coronary occlusions. In each panel, changes in ESPVR with different extents of regional ischemia are shown by superimposition. In every case, there was a shift of the ESPVR to the right in the high volume range and a reduction in the slope in the low volume range. Figure 5 shows the relationship between the shift in V o and the extent of ischemia R m measured by radioactive microspheres, expressed in fraction of left
Relationship between the amount of V o shift and amount of ischemia R " measured by the radioactive microsphere technique. Lines connect data points obtained from one ventricle. There is statistically a highly significant relationship between these two measurements of ischemia in each ventricle as well as for the pooled data. The regression equation for the pooled data is: AV O = 50.7R m -0.6 (r = 0.944, n = 28, P <0.001).
ventricular weight. The solid lines connect points obtained from the same heart. Linear regression analysis between the shift in V o and R m for each ventricle showed highly significant correlations (P < 0.001).
The correlation coefficient ranged from 0.958 to 0.999 (average = 0.975 ± 0.02). Linear regression between the shift in V o and R m for all pooled data showed a highly significant relationship (r = 0.944, n = 28, P Plotted in Figure 6 are the data concerning E ma x measured over the high volume range and the extent of ischemia R m measured by the radioactive microsphere technique. As evident in the plot, there is no statistically significant relationship.
Volume
Discussion
We have shown that in the isolated canine heart, regional ischemia leads to a rightward shift of the ESPVR in the high volume region, without a significant change in the slope of the relation (E ma x)-This is in contrast to the change in ESPVR which occurs with global ischemia and is characterized by a decreased slope of the ESPVR without a significant change in the volume axis intercept . There is extensive literature concerning the effects of regional ischemia on ventricular function. However, none of the studies have addressed the effect of regional ischemia on the ESPVR. The study of Elzinga and Westerhof (1976) indirectly suggests the results shown in this study. They showed a parallel leftward shift in the relationship between mean left ventricular pressure and mean cardiac output when they created regional ischemia in isolated perfused feline left ventricles. Since the slope of this relationship is essentially the same as the time integral of the time-varying volume elastance (E(t)) over one cardiac cycle (Geselowitz, 1976; , and since the intercept of this relationship line with the mean flow axis is inversely proportional to the volume axis intercept of the ESPVR, the parallel leftward shift associated with the regional ischemia observed by Elzinga and Westerhof (1976) indicates that there was an increase in V o but no changes in E max , i.e., a parallel rightward shift of the ESPVR.
Why should global and regional ischemia cause such different effects on the ESPVR (change in the slope without change in the intercept vs. change in the intercept with little change in the slope)? Why should the shift in the volume axis intercept of ESPVR be proportional to the extent of ischemia? Since it is impossible at the moment to define precisely the relationship between regional muscle properties and overall ventricular function such as ESPVR, we have attempted to understand the present results in terms of a lumped model which can describe the global function of the regionally ischemic ventricle using the concept of time-varying volume elastance (Suga et al., 1973; Suga and Sagawa, 1974) .
Model Analysis
A more detailed description of our model is presented in the appendix, but briefly, in this model analysis, we functionally divide a regionally ischemic ventricle into two nonphysiological compartments as shown in Figure 7 . One compartment lumps all of the normal regions and part of the ischemic but still contracting region into a perfectly normally functioning compartment, whereas the other compartment lumps all of the remaining parts of the ischemic region into a hypothetical totally nonfunctional compartment. These two functional compartments are assumed to be interconnected through an imaginary pipe (diagonally shaded area in Fig. 7) which has an infinitesimal length and infinite stiffness and, consequently, an infinitesimal lumen volume and an infinitesimal resistance to flow. In real regionally ischemic ventricles, there usually exists a non-uniform distribution of ischemia, graded changes in systolic as well as diastolic muscle properties and an alteration in shape which results in a redistribution of force among regions. For simplicity, however, we assumed that the mechanical properties of regionally ischemic ventricle can be lumped into these two distinct compartments and that the muscle properties of each compartment remain unchanged throughout the course of the experiment. Using these assumptions, as shown in the Appendix, the extent of ischemia "R" would be determined from the amount of shift in volume axis intercept dV o by regional ischemia. In the model analysis, Equation 7 is valid for any end-systolic pressure P s . However, the shift in V o by ischemia can be measured more accurately in a higher range of P s because the functional ESPVR of the regionally ischemic ventricle becomes more linear in the relatively high pressure range as shown in Figures 2, 3, and 4 . The prediction by the model that V o will shift in proportion to the extent of regional ischemia was found to agree with the result (Fig. 5) when the V o shift was measured in the high pressure range.
As shown in the Appendix (Eq. 10), "R" can also be calculated from the ratio of a change in slope of ESPVR by ischemia to the slope of regional ischemic . A schematic representation of our model. The ventricular chamber is separated into two compartments. One is a normal compartment, and the other is an ischemic compartment. Psis the end-systolic pressure, V, " end-systolic volume of the normal compartment, V s ,, end-systolic volume of the ischemic compartment. The total ventricular cavity volume is, therefore, the sum of V»," and V,,,. The diagonally shaded area indicates an imaginary pipe which interconnects the normal and ischemic compartments.
ESPVR. In order to test this prediction of the model, we measured the slope of ESPVR in a low range of P s where changes in the slope are much greater than in a higher range of P fl . Although a tangential line drawn in a low loading range was not always reliable (because the linear segment of the ESPVR of a regionally ischemic ventricle in the low pressure range was frequently too short), we could measure Ema* in 14 ischemic conditions in six regionally ischemic ventricles and calculate "R" with Equation 10. Figure 8 summarizes the relationship between the calculated "R" and the measured one (R m ) by the microsphere technique. Solid lines connect data points obtained from each ventricle. Since some of the ventricles provided one or two points excluding control conditions, we applied a linear regression analysis between 175 the "R" and R m for all pooled data including control conditions. Though there is a considerable scatter of data, the correlation for pooled data is reasonably good (R = 0.822 R m -0.006, n = 20, r = 0.890, P < 0.001).
Despite the simplicity of this model, we are able to predict the overall characteristics of the pumping function of a ventricle with regional ischemia. The estimated extent of ischemia by this model should be interpreted as the fractional amount of a hypothetical ischemic region which has completely lost the ability to contract and therefore has the same properties as the diastolic P-V relationship.
The nature of this model is quite similar to a model developed by Swan et al. (1972) with respect to the manner of lumping the complex mechanical properties of the regionally ischemic ventricle. Unlike their model, however, our model explicitly describes the ESPVR of the regionally ischemic ventricle using those regional P-V relationships. The criticism of Swan's model by Bogen et al. (1980) as being nonphysical (or not truly mechanical) is valid for our model, too. However, it was not the purpose of this model to describe the detailed mechanics of the regionally ischemic ventricles. We proposed this model to develop a framework for conceptualizing only the major effects of regional ischemia on overall ventricular function by separating the ischemic ventricular wall into two hypothetical compartments described by regional volume elastances.
Extent of Ischemia R m FIGURE 8. The relationship between the amount of ischemia "R" estimated by changes in the slope of the ESPVR over the low pressure range and the amount of ischemia R m measured by the radioactive microsphere technique. There is a significant positive correlation between the change in slope in the lower loading range and the amount of ischemia (R = 0.822R " -0.006, r = 0.S9O, n = 20, P <0.002).
NCPVR ryvf, NESPVR
( / TPVR VOLUME t FIGURE 9. Panel A, NCPVR represents the ESPVR of the normal compartment. NCPVR is obtained by scaling the volume axis of ESPVR of the totally normal ventricle (NESPVR) with "I -R" (the ratio of normal compartment relative to the total ventricle). The slope of NCPVR is E mox.tj(l -R) and the volume axis intercept, (1 -R)V o ,n, where Emax.n and V o .n are the slope and volume axis intercept, respectively, of the NESPVR. Panel B, /CPVR represents ESPVR of ischemic compartment. /CPVR is obtained by scaling the volume axis of ESPVR of totally ischemic ventricle (i.e., totally nonfunctioning ventricle represented by a diastolic ventricle which has the pressure-volume relationship of DPVR) with "R" (the ratio of ischemic compartment relative to the total ventricle). The slope of/CPVR is E max ,i(P J / R and the volume axis intercept, RV",, (?") , where E m ax, i(P a) and V o ,i(P J area slope and volume axis intercept, respectively, of the DPVR. Panel C, TPVR represents total ventricular ESPVR with regional ischemia. The TPVR is obtained by adding the volumes of NCPVR and /CPVR at a given P,. E m<xx (P ") and V O (PJ are the slope and the volume axis intercept, respectively, of TPVR at P..
Nonlinear ESPVR of Ventricle with Regional Ischemia
The slope of the ESPVR of a ventricle with regional ischemia showed obvious curvilinearity unlike the globally ischemic or normal ventricle (Suga et al., 1973; Suga and Sagawa, 197'4) . When systolic ventricular pressure (or volume) was low, the stiffness of the ischemic compartment in this range would be low during systole because of its loss of active stiffening by ischemia relative to that of the normal compartment. Since this could make the total ventricular volume elastance low, this might explain the actual experimental observation which showed decreases in the slope of ESPVR of regionally ischemic ventricle in the low loading range. Under this condition, the ischemic compartment could easily accommodate the blood squeezed out of the nonischemic compartment during systole. When the ventricle was loaded further, the ischemic compartment would no longer be compliant in this operating range relative to the normal compartment during systole. The bulging created in the ischemic region would not increase in size under this condition. This would make the total ventricular elastance high in systole, which might explain the increase in the slope of ESPVR of ventricles with regional ischemia in the high loading conditions. Therefore, the transition from the flatter slope in the low loading range to the steeper slope in the high loading range of the TPVR would reflect the nonlinear nature of the ischemic compartment against its loading condition. Tyson et al. (1962) experimentally replaced a part of the left ventricular wall by either stiff Teflon patches or a part of the wall of the aortic arch to simulate the hemodynamics of a left ventricular "aneurysm." They found that the deterioration of ventricular function as evaluated by left atrial pressure versus stroke work, was more severe in the ventricle which had a compliant "aneurysm" than in the ventricle which had the Teflon "aneurysm." This indicates that-even though there might be a noncontractile region in the ventricular wall-if this region is relatively stiff, systolic function evaluated by the slope of the ESPVR can be preserved. In order to evaluate pump function under this condition, we need to know the extrapolated volume axis intercept, as well as the slope of ESPVR curve. In the natural healing process of a myocardial infarct, the infarcted segment becomes stiffer Theroux et al., 1977) as connective tissue replaces necrotic tissue. The unstressed segment length appears to shorten and the bulging during systole becomes less prominent, indicating a stiffened segment. If we transform these changes in muscle property to the functional ESPVR of the ischemic compartment, this is comparable to a P-V relation with a steep slope and relatively small volume axis intercept. Even though, the P-V relationship of a healed and scarred ischemic segment may no longer be time-varying, the stiffer functional P-V relationship and small volume axis intercept make the total ventricular volume elastance much larger and the volume axis intercept smaller. Therefore, although there are no experimental data available, it is reasonable to conjecture that the natural healing process would substantially decrease the volume axis intercept and restore the slope of the ESPVR of the total ventricle, which would improve the pumping function of the ventricle (Kumar et al., 1970) at the expense of diastolic compliance (Fletcher et al., 1981) .
Slope of ESPVR of Ventricles with Regional Ischemia
Bogen and his associates (1980) modeled the ventricle with regional ischemia. Their analysis predicted the shift in volume axis intercept by regional ischemia, which is indeed supported by our experimental findings. However, they also predicted a decrease in the slope of the ESPVR with regional ischemia, which was not necessarily the case in our experiment. Our data suggest that the stiffness of the ischemic compartment at end-systole is about the same as the normal compartment. Since the stiffness of the normal compartment can easily be modified by changes in the contractile state, it is conceivable that the difference in the slope of the ESPVR between the normal ventricle and a regionally ischemic ventricle may be dependent on the contractile state of the normal compartment. Therefore, when acute regional ischemia is created in a ventricle with a high contractile state, the resultant slope of ESPVR would be considerably shallower than that of the control ESPVR.
It is important to realize that the measurements made here were obtained from isovolumic contractions under highly controlled conditions in which the pressure and volume were precisely known. Under more normal physiological conditions, however, the ventricle is ejecting under the complex influence of neurohumoral controls of cardiac contractility and vascular loading conditions. The direct mechanical effects of the pericardium, the right ventricle and mediastinum including adjacent organs could also be important determinants of the regionally ischemic left ventricular function. Therefore, before we extend these experimental results to intact animals, these results must be confirmed in ejecting ventricles under more physiological situations.
Appendix
In our model, the functional ESPVR of the normal compartment is represented by NCPVR in panel A of Figure 9 . The volume scale of NCPVR is a fraction "1 -R" of the ESPVR of a normal ventricle (NESPVR). In the normal ventricle, the slope (E ma x,n) and volume axis intercept (V o , n ) of ESPVR have been shown to be reasonably independent of loading conditions. Therefore, the functional ESPVR of normal compartment becomes:
where V s , n is end-systolic volume of the normal compartment.
The functional ESPVR of the actuely ischemic, totally nonfunctional compartment (ICPVR in panel B of Figure 9 ) is approximated by an ESPVR curve which has an "R" fraction of the volume at each given pressure of the ESPVR of a completely passive ventricle (i.e., diastolic PV relationship as shown by DPVR in panel B of Figure 9 ). In order to deal with the nonlinear DPVR, we will express in the following analysis the ESPVR by a tangential line drawn at a given end-systolic pressure P s . Therefore, the slope and volume axis intercept of the tangential line is a function of end-systolic pressure P s . Therefore, they will be denoted as E ma x,i(Ps) and V o ,j(P s ), respectively. Under this assumption, the functional ESPVR of the ischemic compartment is: Ps = tmax, i(l s R [V s ,i -RV o .i(P s )]
(2) compartment at P s . Since the ESPVR of the whole total ventricle (TPVR in Fig. 9C ) is synthesized by adding the volumes of the two compartments at a given same end-systolic pressure P s , the ESPVR of the whole ventricle (TPVR) becomes: 
The fractional magnitude of the ischemic portion "R" can be calculated by measuring these three volume axis intercepts (i.e., V o . n , V o ,i(P s ), and V O (P S )) in Equation 5 Since Kv(P s ) is defined as the difference in the volume axis intercept of the ESPVR of a normal ventricle and the extrapolated volume axis intercept of the P-V relationship of the totally passive ventricle (i.e., diastolic ventricle), K V (P S ) is independent of the extent of ischemia. Therefore, "R" is proportional to the difference between the volume axis intercept of the ESPVR of the normal ventricle and the extrapolated volume axis intercept of the regionally ischemic ventricle. In the model analysis, Equation 7 is valid for any P s . However the shift in V o by ischemia can be measured more accurately in a higher range of P s because the functional ESPVR of the regionally ischemic ventricle TPVR becomes more linear in the relatively high pressure range as shown in 
(n) (12) where V s ,i is end-systolic volume of the ischemic
Since K e (P s ) is independent of the extent of ischemia (because E max ,j(P s ) was assumed to be the slope of a tangential line of DPVR), "R" is proportional to the ratio of change in slope [AE ma x(P s )] caused by regional ischemia to the slope [E max (Ps)] of TPVR.
